Abstract Unmonitored use of plant extractions alone or in combination with drugs may cause important health problems and toxic effects. Limonium (Plumbaginaceae) plants are known as antibacterial, anticancer and antivirus agent. But it is possible that this genus may have toxic effects. This study evaluated the mutagenic and cytotoxic effects of Limonium globuliferum (Boiss. et Heldr.) O. Kuntze (Plumbaginaceae) acetone/methanol (2:1), and methanol extracts of root, stem, and leaf. Different parts of this species were used in order to compare the mutagenic and cytotoxic effects of these parts. Ames test was carried out with S. typhimurium TA98, and TA100 strains. Strains were incubated at 37°C for 72 h. MDBK cell line was used in MTT test. 10,000, 1000, 100, 10, 1 and 0.1 lg/plate concentrations of plant extracts were used in Ames test. 50, 25, 12.5, 6.25 and 3.125 lg/ml concentrations of root, stem and leaf acetone/methanol (2:1) and methanol extracts were used in MTT test. Ames test results indicated that only methanol leaf extract (10,000 lg/plate) had mutagenic activity. L. globuliferum root methanol extracts (3.125 and 6.25 lg/ml) increased the proliferation rates. Root acetone/methanol (2:1) extracts were found highly cytotoxic in all treatments. The results indicated that leaf extracts had lower cytotoxic effects than root and stem extracts. High concentrations of L. globuliferum stem and leaf methanol extracts showed cytotoxic activity in all treatment periods while low concentrations of the stem methanol extracts increased the proliferation rates.
Introduction
Most people all over the world rely on traditional medicine as their main source of health care according to the World Health Organization (WHO). The interest in herbal products has increased because of the rising costs of drugs. However, there is limited scientific research regarding the safety of the plant sources. The efficacy and safety of herbal products must be determined prior to use as medicinal products. WHO directive encourages developing countries to supplement their health program with traditional herbal preparations provided they are proven to be non-toxic (WHO 1985) .
Despite the profound therapeutic advantages possessed by some medicinal plants, some constituents of medicinal plants have been shown to be potentially toxic, mutagenic, carcinogenic or teratogenic (Gadano et al. 2006 ).
More recently, a revival in the use of herbal medicine has been witnessed, even in culturally advanced societies, probably enhanced by the false belief that natural products are safe and also by vigorous promotion. Parallel to the increase in the use of herbal preparations as remedies for major diseases, there is currently a growing concern about their efficacy, safety, and control. The dangers in using herbal preparations for treatment include unproven therapeutic benefits, undisclosed toxicities, interaction of the chemicals in herbal preparations with each other, and with concomitantly taken drugs (Simaan 2009 ). Due to inherent toxicity, some herbal remedies should not be used under any circumstance. In addition, because nearly all herbal remedies contain multiple, biologically active constituents, interaction with conventional drugs is a concern (Poppenga 2002) .
The extent to which plants can store mutagenic xenobiotics or convert non-mutagenic chemicals to promutagenic or mutagenic forms has not yet been fully clarified. Since most carcinogenic chemicals are also mutagenic, the mutagenic properties of xenobiotics and their metabolites are receiving increasing attention. In plants the mutagenic activation may be studied at two levels. The mutagenic damage may be caused in the plant itself. Alternatively, the mutagenic metabolite may be conjugated and stored in the plant until it is liberated and becomes active upon consumption of the plant by animal or man (Sarkar and Sharma 1996) .
Limonium genus belongs to the Plumbaginaceae family which is represented by 6 genus and 68 species in Turkey and 24 genus and 800 species in the world (Davis et al. 1982) . Limonium species are halophyte plants and halophytes are resistant to drought and salinity (Zia and Khan 2004) .
Chemical composition of the Limonium plant is very complex, containing amino acids, inorganic elements, vitamins, flavonoids, tannins, polysaccharides, alkaloids, organic acids, and other ingredients (Chen Xinmin 1991; Lin and Chou 2000; Zhu and Jiu-rong 1994; Zhen-fa and Liang 1991) . This genus has antibacterial, anti-inflammatory, deposition of bulk, regulation of menstruation activities, and is currently used in clinical treatment of cervical cancer and dysfunctional uterine bleeding disorders (Chen Xinmin 1991; Bingwen et al. 1994) . Scholars of the pharmacological effects of the genus have also focused on aspects of its antibacterial affects (Yu-Ying 1997) . The latest research suggests that Limonium plants also have liver protection, anticancer, antivirus, and other pharmacologically activities (Chaung et al. 2003; Chen and Ni 2004; Lin and Kuo 2000; Kuo et al. 2002) .
Inorganic element analysis with atomic absorption spectrophotometry indicated that inorganic elements are present in Limonium species; it is especially rich in a variety of trace elements (K, Na, Ca, Fe, Mg Ni, Zn, Cr, and Co). It was determined that Limonium was rich in vitamin C, B1, B2, B12, and carotenoids. In addition, Limonium sinense (Girard) Kuntze also contains a certain amount of vitamin D, and vitamin E (Zhen-fa and Liang 1991).
Limonium globuliferum (Boiss. et Heldr.) O. Kuntze contains epigallocatechin, flavanol, gallocatechin, menthol, thymol, carvacrol, and caffeic acid in root methanol and aqueous extracts while having rutin, rutinosit, myricetin, citric acid, ellagic, quercetin, flavanol, caffeic acid, tannins, and coumarins in leaf methanol extracts. In Limonium effusum (Boiss.) O. Kuntze leaf methanol extracts myricetin, menthol, thymol, carvacrol, and catechol were found while in root methanol extracts rutin, syringic acid, ellagic, myricetin, quercetin, and flavanol were found by FTIR analysis (Avaz 2010) .
The Ames test examines the ability of a test compound to induce mutation in strains of Salmonella typhimurium. These strains are already mutant at a site in a gene required for histidine biosynthesis, and a compound inducing mutations in the bacteria will revert some of them to a nonhistidine-requiring state. The number of revertant colonies appearing on plates after treatment is therefore a measure of the number of mutations induced by the test compound. Testing is carried out both in the absence and presence of a mammalian liver (normally from rat) metabolizing system, since a number of compounds are known to become activated to carcinogens by mammalian metabolism (Maron and Ames 1983) .
The MTT calorimetric assay determines the ability of viable cells to convert a soluble tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (MTT) into an insoluble formazan precipitate. In fact, it is rapid, versatile, quantitative, and highly reproducible with a low intratest variation between data points it is useful in a large-scale, antitumor drugscreening program. Moreover, the test can also be used for floating cells, such as leukemia and small cell lung carcinoma, and always allows sufficient time for cell replication, drug-induced cell death, and loss of enzymatic activity, which generates the formazan product from the MTT substrate (Mosmann 1983) .
Plants have many therapeutic effects as mentioned above. But their toxic effects and other biological activities must be investigated for knowledgeable use of plants. This study determines the possible cytotoxic and mutagenic effects of L. globuliferum. So mutagenic and cytotoxic effects of L. globuliferum methanol and acetone/methanol (2:1) extracts were investigated by in vitro Ames and MTT tests.
Materials and methods

Plant extraction
L. globuliferum (Boiss. Et Heldr.) Kuntze samples were collected from step areas of Heybeli hot spring (AfyonTurkey) in June 2013. The plant samples were identified by Dr. Mustafa Kargıoglu at Botany Laboratory of Afyon Kocatepe University. Roots, stems and leaves of L. globuliferum were dried at room temperature (25°C), and then powdered. Methanol, and acetone/methanol (2:1) were used as solvent. Extractions were made according to Sirohi et al. (2009) protocol with minor modifications. Extracts were used directly and freshly in test systems.
Ames mutagenicity test
Salmonella typhimurium test strains and chemicals S. typhimurium tester strains TA98 and TA100 were obtained from Hacettepe University, Ankara, Turkey. While TA98 was used for the determination of frame shifts, TA100 was used for the determination of base pair exchanges.
S9 from liver rat (Sprague-Dawley), Bacto agar, nutrient broth No. 2 (Oxoid), 2-aminoanthracene (2AA), b-nicotinamide-adenine dinucleotide phosphate (b-NADP), glucose-6-phosphate (G6P), mitomycin-C (MMC), ampicillin, histidine, and basic fuchsin were obtained from Sigma-Aldrich (St. Louis, MO, USA). Sodium azide (SA), citric acid monohydrate, NaOH, KCl, and NaCl were purchased from Riedel (Seelze, Germany). 4-nitro-O-phenylenediamine (NPD), and 2-aminofluorene (2AF) were purchased from Fluka (Buchs, Switzerland).
Ames test
Cytotoxic doses of the plant extracts (10 000, 1000, 100, 10, 1 and 0.1 lg/plate) were determined by the method of Dean et al. (1985) . Ames test was performed as a standard plate incorporation assay with S. typhimurium strains TA98 and TA100 with or without metabolic activation (Maron and Ames 1983) . Selection of the strains was based on the testing and strain selection strategies of Mortelmans and Zeiger (2000) . These strains were tested on the basis of associated genetic markers. For each tester strain, a specific positive control was always used to test the experimental flaws, if any. 4-nitro-O-phenylenediamine (NPD) was used for TA98 and sodium azide (SA) was used for TA100 as positive controls without metabolic activation. On the other hand, 2-aminofluorene (2AF) and 2-aminoanthracene (2AA) were used as positive controls with metabolic activation, for TA98 and TA100 strains, respectively.
Five hundred microliter of S9 mix (or 500 ll phosphate buffer), 100 ll of the test solution for each concentration and 100 ll of a cell suspension from an overnight culture (1-2 9 10 9 cells/ml) were added to 2 ml top agar (kept at 45°C) and vortexed for 3 s. The entire mixture was overlaid on the minimal agar plate. The plates were incubated at 37°C for 72 h and then the revertant bacterial colonies on each plate were counted. Positive controls and negative controls were concurrently maintained. Samples were tested on triplicate plates in two independent parallel experiments.
MTT assay
This test was performed with MDBK cells (MadinDarby Bovine Kidney) (Sigma) according to Mosmann (1983) and the test was repeated three times. Cells were incubated with different concentrations of extracts that had a maximum of 0.1 % methanol and acetone/ methanol (2:1). Then the test extracts were removed at the end of the incubation period. Cells were incubated with 5 mg/ml MTT solution (Sigma) about 2 h in CO 2 incubator for transformation of MTT dye to formazan salt (not dissolve in water). Then MTT dyes were removed and 100 ll DMSO was added to the wells in order to solve the formazan salts that were only formed by living cells. Plates were analyzed by ELISA at 540 nm wavelength. Cell proliferation of control group was accepted ''0'' (Mosmann 1983 ).
Statistical analysis
The results were statistically compared with the control groups and root methanol extracts showed significant results especially in TA98 S9 (?), and TA100 S9 (-), stem methanol extracts in TA100 S9 (-), and leaf methanol extracts in all strains. Significant statistical results were determined from some concentrations of acetone/methanol extracts but methanol extracts gave more remarkable results. Ames test results are given in Table 1 .
Results
Ames test
Ames test was carried out in order to determine the mutagenic effects of tested extracts. Histidine mutant strains of S. typhimurium, TA98, and TA100, were used and colony numbers of plant extracts were compared with the control group. Concentration is considered as ''mutagen'' if it produces a reproducible, two-fold increase in the number of revertant colonies in one or more strains. Extract is considered as ''weak mutagen'' if it produces a reproducible, dose-related increase in the number of revertant colonies in one or more strains (Mortelmans and Zeiger 2000) .
Determination of cytotoxic concentrations
L. globuliferum 10,000 lg/plate root methanol and acetone/methanol (2:1) extracts were found cytotoxic against S. typhimurium strains among six tested concentrations (10,000, 1000, 100, 10, 1 and 0.1 lg/plate). So these toxic concentrations were not used in Ames test.
Ames test results
In Ames test, L. globuliferum root, stem and leaf methanol and acetone/methanol (2:1) extracts were used. 4-nitro-O-phenylendiamine (NPD), 2-aminofluorene (2AF), sodium azide (SA) and 2-aminoantracene (2AA) were used as positive control for TA98 S9 (-), TA98 S9 (?), TA100 S9 (-) and TA100 S9 (?), respectively, while 1 % methanol and 1 % acetone/ methanol (2:1) were used as negative control groups. Ames test was repeated three times with and without S9 metabolic activation. Results of Ames test and statistically analysis by Dunnett's-t test were given in Table 1 .
Ames test results showed that acetone/methanol (2:1) extracts had not mutagenic activity with and without metabolic activation. On the other hand, 10,000 lg/plate concentration of leaf methanol extract had mutagenic activity on TA98 strain without metabolic activation. Some acetone/methanol (2:1) and methanol extracts showed statistically significant results but they were not accepted as mutagen or weak mutagen. Ames test results of acetone/methanol (2:1) and methanol extracts are given in Table 1 .
MTT tests
MTT test based on measurement of the mitochondrial activity, was carried by treatment of different plant extracts on MDBK cell lines for 96 h. 50, 25, 12.5, 6.25 and 3.125 lg/ml concentrations of root, stem and leaf acetone/methanol (2:1) and methanol extracts were used. MTT test was repeated three times in 96-well plates for different time periods (24, 48, 72 and 96 h). Acetone/methanol (2:1) and methanol were used as negative control groups. Acetone/methanol (2:1) and methanol were added to the medium maximum at 0.1 % level. Results were obtained by determination of absorbances of the 96-well plates in ELISA reader. Percentages of proliferations were measured by comparing the absorbance values of extracts and control groups. Proliferations % were calculated with the following formulation (Seo et al. 2005) ;
A is the absorbance value of control group and B is the absorbance value of plant extracts. L. globuliferum root methanol extracts (3.125 and 6.25 lg/ ml) increased the proliferation rates in 24 h treatment while other concentrations showed negative effects. L. globuliferum stem methanol extracts (50, 25 and 12.5 lg/ml) showed cytotoxic activity in all treatment periods. L. globuliferum root methanol extracts had very strong cytotoxic activity in 48, 72 and 96 h periods. Only this extract had proliferative effects on cell MDBK line in 24 h period and with lowest extract concentrations. On the other hand low concentrations of the stem methanol extracts increased the proliferation rates, especially in 24, 72 and 96 h. Leaf methanol extracts showed cytotoxic effect in all concentrations and treatment periods. MTT test results and the proliferative effects of the L. globuliferum methanol extracts were detailed in Figs. 1, 2 and 3. L. globuliferum root acetone/methanol (2:1) extracts were found highly cytotoxic in all treatment periods and concentrations. L. globuliferum stem acetone/methanol (2:1) extract (3.125 lg/ml) increased the cell proliferation about 15 % in the 72 h treatment but other concentrations were found cytotoxic. In the 24, 48, and 96 h treatments this extract decreased the cell viability on average 25-%45. All concentrations of acetone/methanol (2:1) leaf extracts increased the cell viability in 48 h but especially in 72 and 96 h treatments, extracts had cytotoxic effects. It was found that leaf extracts had low cytotoxic effects and had higher proliferative activities than root and stem extracts. Leaf acetone/ methanol (2:1) extracts had the highest proliferative activity on MDBK cells among all methanol and acetone/methanol (2:1) 
Discussion
The Ames test, which is conducted using S. typhimurium, is a widely used bacterial assay for the identification of chemicals that can produce gene mutations, and it shows a high predictive value with rodent carcinogenicity tests (Lewis et al. 1993) .
MTT was the second test system to determine the cytotoxic effects on MDBK cells that were exposed to methanol and acetone/methanol (2:1) extracts of L. globuliferum species. It have been reported in previous studies that MTT colorimetric assay could be used to evaluate the reduction of the viability of the cell cultures (Betancur-Galvis et al. 1999) .
Cytotoxicity is defined as the adverse effects resulting from interference with structures and/or processes essential for cell survival, proliferation, and/or function. These effects may involve the integrity of membrane, cellular metabolism, the synthesis and degradation or release of cellular constituents or products, ion regulation, and cell division (Seibert et al. 1996) .
The effects of many toxic agents on cells are mediated by damage to one or more subcellular compartments. Thus, the evaluation of organelle functions may provide useful insights into the basis of toxicant action. Mitochondria are essential organelles that play an important role in cell metabolism. One of their primary functions within intact cells is the oxidation of substrates, mainly succinate, with the subsequent generation of adenosine triphosphate (Fowler et al. 1994) . The MTT assay is an important method to determine mitochondrial damage by any toxic agents.
Researchers reported that shoot extracts of Limonium meyeri (Boiss.) Kuntze showed low cytotoxic activity on MCF-7, HCT-116, HepG2 and A-549 carcinoma cells, and these extracts reduced the cell viability of MCF-7, HCT-116, HepG2 and A-549 at ratios of 22.6, 16.3, 0.2, and 11.3 %, respectively. Whole parts extracts of Limonium pruinosum Kuntze had a higher anticarcinom activity and reduced cell proliferation of MCF-7, HCT-116, HepG2 and A-549 cells by 34.5, 45.1, 31.4 and 5.3 %, respectively. In this study especially leaf acetone/methanol and stem methanol extracts had proliferative effects on MDBK cell line, which is not a carcinoma cells; but the other extracts showed cytotoxicity (Moustafa et al. 2014) .
A new flavonoid glycoside was obtained from -rhamnopyranoside) and it was determined that this compound had cytotoxic activity against rat C6 glioma cell lines (Kong et al. 2014) . This report and other reports indicated that some Limonium species can be used against carcinomas. Lethal effects of alcohol extracts on the root of Plumbago zeylanica Linn. were examined and it was reported that these extracts had toxic effects (Krishnaraju et al. 2006) . It has been clarified in many different studies that naphthoquinone (specific to the Plumbaginaceae family) is one of the main components of the family. Cytotoxic effects, based on formation of reactive oxygen species (ROS), disruption of mitochondrial function and the inhibition of thymine binding to DNA, are the important cytotoxic specifications of naphthoquinones (Aithal et al. 2009; Babula et al. 2009 ) Using TA98 and TA100 starins without S9 enzyme, previous studies showed that plumbagin (naphthoquinone) was not mutagenic. On the other hand, inconsistent effects were seen with the S9 enzyme (Matsushima et al. 1986; Durga et al. 1992; Hakura et al. 1994; Edenharder and Tang 1997) . Farr et al. (1985) have reported that plumbagin was not mutagenic in stationary phase cells but was moderately mutagenic in exponential-phase cells based on assays with E. coli AQ634 cells, measuring Trp-Ø-Trp1 reversion frequency. In the Ames test with TA98 (-S9), L. globuliferum leaf methanol extract (10,000 lg/plate) was found mutagenic. Leaf acetone/methanol (2:1) extract (10,000 lg/plate) increased the colony number with and without S9 activity. In the presence of S9 activity root acetone/ methanol (2:1) extract (10,000 lg/plate) statistically increased the number of colonies.
Cytotoxic research about total ethanol extracts of Limonium tetragonum Thunb. on murine macrophage RAW 264.7 cells showed an increase in the cell viability of about 114.92 % (Yang et al. 2009 ). On the other hand, Limonium sokotranum (Vierh) Radcl. Sm methanol leaf extract (522.1 lg/ml) has been found to be moderately toxic on FL-cells (human amniotic epithelium cell line). This study also emphasized that antifungal usage of Limonium genus could be due to the cytotoxic effects (Ali et al. 2007) . 50 lg/ml was used as the highest concentration, and all methanol concentrations caused cytotoxic effects on MDBK cells. These different results indicated that this species belonging to Limonium genus had different effects and active ingredients.
Proliferative effects on mouse spleen and thymus cells were determined with L. tetragonum methanol extracts and proliferative effects were found 32.46 % in mouse spleen and 17.34 % in mouse thymus cells (Seo et al. 2005) . In this study, proliferative effects were only observed for the 3.125 and 6.25 lg/ml concentrations of L. globuliferum methanol stem and root extracts. Acetone/methanol (2:1) stem extract (3.125 lg/ml) increased cell proliferation in the 72 h treatment. Moreover, some of the leaf acetone/ methanol (2:1) extracts (83.125, and 50 lg/ml) in the 24 h treatment, and all tested concentrations in the 48 h treatment led to increase in cell proliferation. Santhakumari et al. (1980) have examined the effects of plumbagin on chicken embryo fibroblast cultures. The mostly seen predominant effects were arrest of cell growth and proliferation and decrease in mitotic index with accumulation of cells in metaphase. These authors have concluded that plumbagin at lower concentrations behaved like a spindle poison by inhibiting entry of cells into mitosis, but at higher concentrations, it also exhibited radiomimetic nucleotoxic and cytotoxic effects. It should be indicated that most of the concentrations of the tested L. globuliferum acetone/methanol (2:1) and methanol extracts decreased cell viability, because one of the efficient molecules of the extracts or the synergistic activity of all ingredients of the extracts may disturb the metabolic activities of the MDBK cell line. High concentrations affected the cell viability negatively but low concentrations of some acetone/methanol (2:1) and methanol extracts increased the cell viability. The most interesting result was obtained from leaf acetone/methanol (2:1) extracts in the 48 h treatment. These extracts increased the cell viability in all treatments. These unpredictable results showed that extracts obtained with different solvents can affect the cell viability differently.
Rhizome juice of ginger was found to be antimutagenic against tryptophan pyrolysate-induced mutagenesis (Kada et al.1978; Morita et al. 1978) , and 6-gingerol (Nakamura and Yamamoto 1982) . However, when added to known mutagens such as AF-2 and MNNG, mutagenesis was increased by ginger juice, and the potent mutagen identified in this case was 6-gingerol. It was presumed that ginger juice contains antimutagenic substances that can suppress the activity of 6-gingerol and that, in the presence of certain specific mutagens like AF-2 and MNNG, 6-gingerol is able to express its mutagenicity (Nakamura and Yamamoto 1982). Extracts of a desert mushroom, Al-faga (Tirmania pinoyi (Maire), Terfeziaceae), in water and methanol failed to show any mutagenic activity, but the chloroform extract was mutagenic with and without metabolic activation. Moreover, the ethanol extract, combined with some known mutagens, inhibited carcinogen-induced mutagenicity. These results indicated that both mutagens and antimutagens can be extracted from the same food item using different solvents (Hannan et al. 1989) Unrelated results among concentrations could be due to different active molecules in the extracts. These molecules could act at the same time or different times in any condition during the experimental period.
Conclusion
It was aimed to determine the mutagenic and cytotoxic effects of L. globuliferum methanol and acetone/ methanol (2:1) extracts. Mutagenicity and cytotoxicity tests were performed with Ames and MTT tests, respectively. In the mutagenicity test, only 10,000 lg/plate methanol leaf extract indicated mutagenic activity in TA98 without S9 enzyme. Acetone/ methanol (2:1) extracts of root and leaf (10,000 lg/plate) statistically increased the number of colonies but these extracts were not accepted as ''mutagen''. MTT assay indicated that most of the extracts decreased the cell viability but leaf acetone/ methanol (2:1) extracts increased the viability. These extracts and their effects will be clarified clearly after in vivo applications.
